Kennesaw State University

DigitalCommons@Kennesaw State University
Senior Design Project For Engineers

Southern Polytechnic College of Engineering
and Engineering Technology

Spring 4-27-2022

Solving the Engineering Technology Center Printer Crisis through
Process Improvement by using Six Sigma DMAIC Method
Alexander Alvord
Carina Weiler
Peter Tran
Erin Nelson

Follow this and additional works at: https://digitalcommons.kennesaw.edu/egr_srdsn
Part of the Engineering Commons

Recommended Citation
Alvord, Alexander; Weiler, Carina; Tran, Peter; and Nelson, Erin, "Solving the Engineering Technology Center
Printer Crisis through Process Improvement by using Six Sigma DMAIC Method" (2022). Senior Design
Project For Engineers. 68.
https://digitalcommons.kennesaw.edu/egr_srdsn/68

This Senior Design is brought to you for free and open access by the Southern Polytechnic College of Engineering
and Engineering Technology at DigitalCommons@Kennesaw State University. It has been accepted for inclusion in
Senior Design Project For Engineers by an authorized administrator of DigitalCommons@Kennesaw State
University. For more information, please contact digitalcommons@kennesaw.edu.

Solving the Engineering Technology
Center Printer Crisis through Process
Improvement by using Six Sigma
DMAIC Method
Kennesaw State University
ISYE 4900 - Senior Design
Dr. Adeel Khalid

Team: C.A.P.E. Logistics

Carina Weiler
Project Manager
Alex Alvord
Research and Technical Writing
Peter Tran
Engineer Manager
Erin Nelson
Project Coordinator

1

Executive Summary

Cape Logistics, a student-led Industrial Engineering group, was approached by a professor at
Kennesaw State University to take on a project concerning the printers within the Engineering
Technology Center. The professors made the claim that students were unable to use designated
printers due to the printers not being able to perform because of various reasons. The
unavailability of printers had led to students being late to class or unable to submit projects,
which caused both students and professors to be left unsatisfied. Cape Logistics’ goal is to utilize
the DMAIC method to analyze the current-state of the situation, determine the root cause of
printer unavailability, analyze potential areas for improvement, develop an implementation plan,
and monitor changes to create an environment for continuous improvement to ultimately lead to
a 50% reduction in printer unavailability.
We began our study with the Define portion of the DMAIC method. This portion was achieved
through face-to-face and email interactions with Kennesaw State faculty and students to
determine who our key stakeholders were and what the current scenario looked like. A
block-diagram was made as a visual representation of the printer paper restocking system so we
could determine where a loss of efficiency may be. An issue defined by stakeholders was that a
lack of paper could potentially be a leading reason of unavailability. To confirm these verbal
allegations, our team moved on to the Measure portion of the DMAIC method through a series of
surveys distributed to both students and professors. After over 100 surveys were collected, we
found the top three reasons for printer unavailability were the lack of B-sized paper, lack of
A-sized paper, and the printer was low on ink. These three issues accounted for over 50% of
printer failure. We also took into consideration the economic impact of the printers including
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profitability, overhead costs, and who was supplementing the necessary resources. We had to
take into account that Covid would have an effect on the porfitibility of the printers since many
KSU students refrained from attending classes on campus where the printers are located. The
results of this measurement indicated that profits were steadily declining over a period of four
years, and the linear regression demand forecasting showed a continual decline if no changes
were made.
From there we move onto analyzing potential areas for improvement. Since our surveys
indicated that the lack of paper was the main cause of printer failure, our next step was to find
the root cause of this issue. We began by investigating potential delays in the supply chain for
receiving paper, however, the supply chain appeared to be non-defective for there was plenty of
paper available to be inserted into the printers during the entirety of the study. Looking back onto
our block-diagram there appeared to be an extended delay of nearly two weeks for having a staff
member check up on the printers. After issuing a future state block-diagram we show an
expectancy of only a few days between check-ups by a student worker. To begin implementation
of the future state visualization, Cape Logistics conversed with the Dean's Office to make
permanent changes to the student worker’s schedule. We checked weekly for updates from the
student worker to document progress of the new implementation. This implementation continued
for 2.5 weeks before the verification plan proceeded.
After the new student worker schedule had been implemented for 2.5 weeks, the team moved
forward with verifying the process using a survey so that the result would be comparable to the
initial study. Once again, over 100 responses were gathered, the results concluded a positive
outcome. While initially empty paper and low toner made up for 52% of printer failure, after
implementation by Cape Logistics, it decreased to only 17% of responses. Meanwhile, 54% of
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respondents said they experienced no issues at all. When rating overall experience with the
printers, students reported a 28.3% decrease in any negative experiences. Considering 88.2% of
students say they would consider using the printers more often if they prove to be reliable, we
would expect an increase in profitability over time as well. In conclusion, it is appropriate to say
that Cape Logistics has made a positive impact on the printer system for students, however, we
will need to continue the control portion of the DMAIC method to ensure continuous
improvement.
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Chapter 1: The Project
1.1 Introduction
Faculty and students alike at Kennesaw State University know the pain of needing to
print an assignment, class roster, or other items, only for the print job to fail due to a lack of
paper. When one attempts to notify someone of the issue, either there is no success of finding
someone who can lead them to the correct contact, or if they do reach the correct department,
lead times are long and they are forced to find another source to print their items anyway.
Specifically in the Engineering Technology Center, also known as the Q-Building, where there
are only two printers available, there is a high probability that at least one of the printers may be
in use or be short of supply on paper. Kennesaw State University as a whole is affected by this
issue due to a decrease in profitability, lack of satisfaction of students, and through the frustration
of staff. As CAPE Logistics, we aim to provide a conflict free printing environment that is
available when and where printing is needed at all times for everyone looking to print items on
any of the provided paper sizes in the Engineering Technology Center.

1.2 Project Background
The Ricoh printers were brought in by Kennesaw State University to fill a need for
printing by faculty and students, as well as to make a profit; however, printers have been
removed from the Engineering Technology Center in the past several years due to a lack of
profitability. Faculty and students' demand for printing is not being met, since printers have been
out of paper on many occasions, and professors have had students come to class late due to a
lack of paper in the printers. Why these printers have been removed when there appears to be
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unmet demand in the building is an underlying question that we ask during the entirety of the
project.

1.3 Objective
Considering the problems stated, CAPE Logistics has two clear objectives: reducing the
printer failures by at least 55% and creating a new system for refilling printers that is efficient
and reliable. Printer failures are defined as any reason a student failed to print due to an issue
associated with the printer and the printer only. An overarching objective is to have each
stakeholder satisfied in this project.

1.4 Justification
CAPE Logistics was approached by Professor Richard Kennedy, who has had first-hand
complications with the Q-Building printers, to find a way to make the printers more reliable.
Each member of the logistics team has been gaining knowledge of industrial engineering
methods for nearly four years. Each member has completed theoretical assignments using
optimization models, simulations, supply chain management strategies, DMAIC, facility design,
and many other facets of systems engineering.

CAPE Logistics is also backed by the majority of the graphics professors in the
Q-Building who have openly expressed their concerns with the printers in a department meeting
led by Professor Kennedy. This backing has allowed us to gain statistical information on the
demographics of our target audience, priority with communication between the team and key
faculty, and added pressure on head decision makers with the power to purchase printers and add
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staff. These factors combined provide the resources needed to improve the printer reliability in
two months time, as well as meet any budget constraints.

1.5 Problem Statement
CAPE Logistics’ goal is to ultimately reduce the number of times faculty and students are
unable to print due to unavailability of any aspect of the printers by 50% by the end of the spring
semester of 2022. This will be done by identifying the root cause of unreliability, reconfiguring
the current system, and creating an environment for continuous improvement.
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Chapter 2: Literature
2.1 Literature Review
In order to help better understand the problems CAPE Logistics faces, as well as to
introduce the team to potential solutions to similar projects that have been completed in the past,
a literature review was done. Unfortunately, there are very few instances of system problems that
arise specifically due to printer paper restocking issues; when these specific problems do arise, it
is usually a problem associated with costs rather than the physical restocking process. Nauticon
Office Solutions suggests bringing in a separate entity to handle printing services [1].
Unfortunately, this is already the case at Kennesaw State University. KSU employs a Ricoh team
whose sole responsibility is to maintain and refill the printers on both campuses. This team
consists of only one or two members, and communication with said team has been poor
throughout the entirety of the project so far. This leads CAPE Logistics to believe that issues
with communication are likely a part of the problem with the overall system. With these issues in
mind, it is no surprise that the system suffers as a whole. According to Markovic and
Salamzadeh [2], “no organization can succeed or progress… without effective communication
skills.” It has been clear through our own communication with KSU and its Ricoh team that
service times are lengthened in part due to a lack of urgency associated with said
communication. Problems with communication are not new, and many businesses and
organizations have likely had to deal with poor communication in the past; although relatively
simple compared to technical skills, communication skills may be more important in the general
scope of a system or project [9], [11]. One potential solution to help with this has been studied in
other environments, namely, the pharmaceutical supply chain [3]. Although different from
printing, the solution could be applicable to pretty much any supply chain problems: automatic
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identification technology. This technology was used to help assess the exact number of specific
products within a pharmaceutical supply chain, helping to improve supply chain visibility. Far
less complicated technology could be used to improve supply chain problems within the printing
system at KSU. For instance, rather than printers simply making a sound to alert nearby
individuals that the paper supply is low, they can be programmed to also send an email to the
necessary team members responsible for restocking the paper when it is getting low or is
completely out.

As previously mentioned, and now witnessed firsthand by the team, communication has
and continues to be an extensive issue related to the printing system. For this reason,
improvements in communication systems will likely play a crucial role in the proposed solution,
among other things. One simple way to increase communication is through colocation of system
parts [4]. Having those involved in managing or physically restocking the printers that they are in
charge of may help to reduce confusion over tasks and responsibilities, as well as making
problems more visible to upper management in a more timely manner. Although applicable in
other systems, quick and direct communication, especially when considering the problem of
paper supply in the printer system, is critical to a speedy resolution. The speed and efficiency of
said communication can help the system and those involved in it to create optimal solutions [5].
One obvious issue with a lack of communication is that problems may not even be properly
reported, leading management to believe no problem even exists. As described in [6], a survey
could be implemented in order to bring problems to the attention of those running the system;
furthermore, this could lead to proper resource allocation, potentially solving problems before
they arise.
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An additional complication related to communication can be seen in the role of those in
charge of helping the system run. For instance, as mentioned in both [7] and [10], an immature or
incomplete contract can lead to a lack of understanding, or even a misunderstanding over the
responsibilities of those people helping to operate the system. When roles and responsibilities are
properly allocated, supply chain issues tend to lessen. After speaking to student assistants, it
became clear that they were unaware of certain roles they were responsible for; some student
assistants even noted augmentations to their roles that had not been communicated effectively or
had been dropped onto them later into the semester, after they had already been assigned roles. It
comes at no surprise that when roles and responsibilities are articulated effectively, operational
efficiency improves [8].

Connected to allocation of resources is a need for proper demand estimates for the
system. Peter Tran will be in charge of collecting the necessary data and producing said demand
estimates to help understand the needs of the system and the potential roles of those involved.
Demand forecasting is an invaluable skill to possess in a system; unfortunately, it requires lots of
data, as well as technology for both collecting and processing that data [12], [14]. Prior to Peter’s
work, it was apparent that KSU may have been unaware of the issues within the printing system;
Dr. Kennedy reached out to our team to have the issue resolved, but other than that, there seemed
to be, once again, a lack of communication between departments, leading to the problem being
unknown by the Dean’s Office. It was not until the survey was distributed, feedback was
received, demand was forecasted, and that data was shared with the Dean’s Office that they
understood the depth of the printing system’s problems. In addition to quantitative forecasting,
judgmental forecasting could potentially be helpful with regard to future system performance, as
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found in [13]. The combination of data and the experience of users within the system can lead to
improvements in how processes and the system in general are run. As found in the agricultural
sector specifically, but undoubtedly present in other fields, KSU’s printing system, for instance,
demand forecasting is a very relevant tool that, when absent, can bring about a lack of
understanding of how systems work and major problems associated with allocation of resources
and responsibilities [15].
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Chapter 3: Project Details
3.1 Problem Solving Approach
Any project that is created has obstacles that come up when they are least expected. The
Project Manager is responsible for facing these problems head on and using risk mitigation to
ensure that deadlines are met. After possible solutions are determined, the CAPE Logistics team
must come together to discuss the Project Manager’s proposals and reach a decision. Although
obstacles are expected in any project, it can be discouraging to the team’s will to continue. It is
the Project Manager’s responsibility to keep the team on track and maintain a positive outlook on
the mission.

With the above issues at hand, our team’s goal is to approach this affair using
fundamentals of Industrial Engineering. To determine the root cause, we know we must start
from the source of material availability. Strains on raw materials or supply chain issues could
potentially arise from external sources, causing there to be a short supply of paper. Looking
internally, we need to be able to diagram our current state supply chain. This is being defined as
paper exiting the UTIS department and ending with customers receiving their printed items. As
data is gathered, we may find a department is using a just-in-time inventory management system,
where the optimized solution is based on forecasted demand through material requirement
planning. As the supply chain is being thoroughly examined, we will simultaneously gather data
on the utilization of the printers, determine causes of downtime, and break down foreign
elements in the process that interrupt total quality. One of the potential causes of downtime could
be a methodical error (in reference to the 6M’s of production) by the user that could be removed
by simply hanging a poster with specific instruction for printer usage. Deeper statistical
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understanding can be achieved through time studies, Kaizen events, receiving customer feedback
through distribution of surveys, and several other approaches. Risks must also be assessed, for if
a decision on our end is made to purchase another printer, there may not be enough room in the
budget for such addition. Likewise, other resources and time must not be wasted on infeasible
solutions. We will need to determine the current costs of the operation, acquire stockout costs
(potential gains), and determine the cost of making changes to the process that will be pitched to
the director of retail services, Jason Renfroe. Once all of the data is in front of us, we will
determine what is statistically significant and configure the correct approach to each item. The
next steps will be to implement the plan, follow-up on the new process, and create an
environment for continuous improvement.

3.2 Requirements
Design Requirements and Specifications
1) Student workers shall be tasked with refilling the printers.
2) The response time (reliability of delivery) to refill printers shall be 3 hours.
3) Downtime of printers shall be no greater than 3 hours.
4) Restocking notifications shall be sent to a designated student worker.
5) Printers shall be filled with the maximum amount of 2,000 sheets three times per week.
a) An IM C2500 Ricoh Printer can hold this maximum amount of 2,000 sheets.
6) Printers’ paper shall be restocked three times per week..
a) Paper restocking schedule is subject to change based on forecasted demand.
7) There shall be two printers in the Q-building.
8) Printers shall be reliable and available.
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a) Availability will be based on printer successes and resources available to students.
9) Paper shall be restocked using a just-in-time model inventory management system.
a) Paper is currently restocked on a needed basis.
b) Inventory will be on hand to meet demand.
10) Printer capability shall be equal to or exceed demand.
a) Printers need to be able to hold enough paper to meet daily demand.
b) Printers should not require filling every day to meet demand.
11) Paper supply shall be stored in a nearby faculty supply closet in the Q-building.
a) Students should not be able to access this supply.
12) Printers shall be maintained, restocked, and serviced by a designated department.
a) Printers will no longer be the responsibility of Kennesaw’s UITS.
b) This infers the price of supplies will also be costed to the designated department;
not UITS.
13) Students shall provide their own B-5 size paper.

Minimum Success Criteria
Our project will be deemed a success if, at the minimum, the paper restocking issue is
resolved. We want to see a reduction of at least 50% of printer failures. To measure this, we will
analyze the initial student survey graphs and compare it to the implemented student survey data
towards the end of the project. We believe that this is achievable because if we can eliminate
merely the top three issues with the printers, we will already reach our reduction goal.
In addition, we would like to develop a new system for restocking the printers efficiently.
This means that printers will be adequately filled at all times so that students are able to print
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whenever they need to. Furthermore, we would like to see the newly proposed system be stable
and adaptable given changes in student worker resources. A designated student assistant will be
given the tasks of refilling the printers in the Q-Building. The total cost will not change due to
this implementation, since the student assistant will not be compensated for this additional task.

3.3 Responsibilities
As project manager, Carina will be responsible for assigning tasks to team members. She
will also create and utilize a Gantt chart to ensure that the project moves on schedule. With the
help of the financial manager, she will create a budget for the project. Lastly, she will set the
requirements for the project, as well as the specifications of the final product.

Alex will be responsible for taking notes while meeting with the client, as well as
performing any research regarding the functionality of possible solutions. He will also be tasked
with determining minimum success criteria. Additionally, he will edit and format reports and
presentations in order to maintain proper flow and consistency of language throughout.

Peter will be responsible for the design concepts and following the DMAIC process, as
well as the verification plan and relevant analysis used for measuring and verification.

Erin will be responsible for the system overview and keeping up with major
developments. She will also be in charge of managing the financial aspects of the project.
The project responsibilities are to satisfy the main stakeholders: Professor Richard
Kennedy, KSU’s Ricoh Team, and the KSU Students. CAPE Logistics aims to work closely with
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each of these parties to succeed at the main objective; their satisfaction will be the ultimate
measure of success.

3.4 Gantt Chart and Schedule
In Figure 1, the schedule created is in the form of a Gantt chart. Each report has its own
section and subsections depending on the tasks created for the team members. Next to the tasks
are the team members who are responsible for completing the tasks by their assigned due dates.
The mint green color represents the level of completion at which the task currently stands.
Towards the bottom of each section, there is a dark green bar that shows the completion of the
report. The dark red square indicates the final due date of each report.

Furthermore, some sections are labeled “TBD” (to be determined) until further
instruction is given for each report. The project manager, Carina, checks in daily with team
members to update the progress of the tasks. If the team members have any conflicts with due
dates, the schedule duration will be augmented accordingly.

In Figure 1, part of the schedule is marked in red to show the excess time a task took to
complete. By indicating the overtime, the team can see how far behind we are to completing the
project. From there, solutions can be created such as putting more resources into that task to
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ensure its timely completion.

Figure 1. Project Schedule in Form of Gantt Chart
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3.5 Block Diagram
Within the current system, a student worker has randomly been assigned this semester to
fulfill the task of replenishing the printers in the Q-building. We have been informed directly by
the student worker that they work three days out of the week and replenish paper every two
weeks. After a walk-through of the Q-building, extra paper was discovered on the top of a
printer. Figure 2 below details the current system for the student worker.

Figure 2. Current Student Worker System
Figure 3 describes a process in which a proposed student worker could assist the Ricoh team
with printer paper refills, doing so twice daily, ensuring that students who attend night classes are
able to print as well.

Figure 3. Proposed Student Worker Printer Paper Restocking Schedule
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The proposed system for the student worker is straightforward and easy to follow, due to
its linear structure. The student(s) will arrive for work at the Q-building and refill paper in each
printer to its maximum capacity. They will continue their main tasks until they near the end of
the work day, when they will then refill each printer to its maximum once again. The reason
behind filling it twice is so that the students who attend night classes will not find a printer’s
paper supply having run out during the time between the first paper restocking and the later night
classes.

Figure 4 displays the current printer system for the student. This process shows that when
a student needs to use a printer, they will either choose the upstairs or downstairs one. If the
printer is stocked with paper, then the student leaves satisfied and the printing job is finished. If
the printer is not stocked with paper, then the student will go to the other printer to try printing
there; if paper is still unavailable at the second printer, then the student will not leave satisfied.
Below, in Figure 5, is the proposed printer system for the student; as you can see, there is not an
option for the printer to not be stocked because with the new system, it should always remain
filled.
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Figure 4. Current Printer System from the Student’s Point of View
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Figure 5. Updated Proposed System for Dean’s Assistant
Figure 5 displays the proposed printer system for the Dean’s Assistant. This process
shows the responsibilities assigned to the Dean’s Assistant. On each of the three days a week that
the Dean’s Assistant works, they will fill the printers with paper. Below, in Figure 6, is the
proposed printer system for the student; as you can see, there is not an option for the printer to
not be stocked because with the new system, it should always remain filled.
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Figure 6. Proposed Printer System from the Student’s Point of View
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Figure 7. Proposed Printer System from the Student’s Point of View if Failure Occurs
In Figure 7, a separate process solution is shown if the student assistant fails to replenish
the paper in the printers. If a student fails to print due to no paper, then they can either go to the
posted room number where the student assistant resides, or request a paper refill through the
student assistant’s email.
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3.6 Available and Required Resources
Some of the most valuable resources we have access to are people and their
accompanying data. With the help of Professor Kennedy and other members of the staff, we will
have access to data relevant to this project. This data includes student population data for EDG
classes, relevant due to its proclivity to print assignments out, specifically on A4 and B5-size
paper; printer statistics, which include use and profitability; and student and teacher feedback
regarding printing experiences, which will be collected through surveys. At first, CAPE
Logistics hoped to use Kennesaw State University’s budget, if applicable, to determine how
much a student helper or full-time employee would need to be paid to manage the printers while
maintaining a profitable system. However, it was discovered that a student assistant's pay will
not be altered due to the additional task. In addition, data has proven to be difficult to obtain; if
this budget information is not available, estimates will need to be used instead. As the project
progressed, we learned that the Dean’s Office in the Q-building has become a valuable resource
in collecting data about the printer analytics.

3.7 Challenges Faced and Accompanying Solutions
The main challenge of the printer endeavor is the lack of communication. This challenge
is evident not only between KSU and CAPE Logistics, but can also be clearly seen between KSU
staff and students alike. The team has encountered many delays due to the lack of email
responses when asking about who is in charge of the printers, printer demand, financial aspects,
and other critical components in solving this crisis. To alleviate lack of communication, the team
has resorted to discussing solutions face to face. Since several of our contacts were not reachable
through email or face to face communication, we asked other KSU staff to point us in the right
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direction. In cases where there was no other direction in terms of personnel, we took to the
internet to find other sources to help approximate financial items. When students would not
answer surveys through email, team members sat near the printers and in the lobby of the
Q-Building to ask students to complete the survey. This solution resulted in over 70 new
responses when compared to the email form of communication. We have observed the lack of
communication between departments in KSU as well. Considering we have spoken to a large
number of staff concerning the printer crisis, we were told several months into research by a
student assistant in charge of refilling printers that it is the students’ responsibility to provide
their own B5-size paper. This leads us to wonder why this was not discussed during any previous
meetings. To overcome this, CAPE reached out to several parties to determine who is responsible
for providing B5 paper. We found that if students would like to print on B5 paper, they will need
to supply it themselves. Due to this, many professors have moved away from requiring projects
to be printed on this size of paper. This has been established as a universal standard to be kept
and understood by all students and staff.

Another small challenge was determining how to show the current and future process
through simulation. This was a challenge because the printer supply chain is not a classic
manufacturing situation which Arena Simulation is typically used for. A resolution was to create
flowcharts that provide visual aid in understanding what the process should look like, and how it
has changed. It was decided that Arena Simulation analysis was not necessary for this system.

Lastly, due to the lack of communication mentioned earlier or access restrictions, some
requirements of the project had to be added, changed, or removed. For example, because the
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department's budget and financial spending was not released to us, we were not able to
definitively require a certain income from the printers for the departments. We also had to
remove the stockout cost requirement because the usage data required to determine this figure is
not available to us. Furthermore, due to constraints added by the Dean’s office involving how
often the student worker will refill paper, requirements specifying how often the paper would be
restocked had to be changed. However, CAPE is overcoming this challenge by continuing to
make adjustments where needed and communicating with stakeholders so that all changes are
made to the requirements as soon as possible.
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Chapter 4: Applying Six Sigma DMAIC
4.1 Define
To begin with, the first step of DMAIC is defining the problem. In order to find the
requirements needed and develop solutions, identifying the voice of the customer is what defines
the problems. The customer’s feedback is very valuable to find constraints and expectations for
the process itself. Our first step was to meet the primary stakeholder, Professor Kennedy, to learn
the process and issue with the printers. After meeting with the professor, we discovered that there
were multiple stakeholders involved in the process that affects the supply chain issue. Therefore,
a stakeholder analysis is needed to be conducted to find additional requirements. The main
concern regarding the printers is that the paper is not being restocked. This problem has been
occurring for a long time. There are two printers in the Q-Building on the floor that serve all the
students. EDG students represent the majority of the demand for printing due to their
assignments requiring printing. Additionally, the EDG drawings assignments require A4-size and
B5-size type paper. Also, EDG professors have switched over to A4-size paper due to the
B5-size paper shortage. Knowing these simple facts is very important in understanding the
requirements and the constraints to develop a solution.

4.1.1 Stakeholder Analysis
Throughout our conversation with Professor Kennedy, additional stakeholders were
mentioned and participated in the printer replenishment process and access to printer data. This
stakeholder analysis will determine the goals of each party involved and the flaws associated. By
understanding each stakeholder, more requirements can be discovered and constraints. Figure 7
below shows the power dynamic of each stakeholder related to the project and the process.
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Figure 8: Stakeholder Analysis Visual Chart (Stakeholders Placed in Regions that
Correspond with Respective Interest and Power within the Project)
Professor Kennedy is the primary stakeholder and the person who developed the idea of
the problem into a student project. Professor Kennedy noticed the supply chain issue within
Q-building for its printers from his students. Professor Kennedy is the main source of
information relating to the voice of the customer. Professor Kennedy has interacted with students
who suffer from the paper supply chain problem. He has given information related to the student
side of the problem. Professor Kennedy wants a long-term sustainable solution to fix the supply
chain problem as the main goal. Professor Kennedy wants a student-centric solution where the
printing cost can be reduced within the solution if possible. Finally, Professor Kennedy has given
the team an additional constraint to make printing available with no possible refilling
intervention after 5:00PM due to night classes. As shown in Figure 8, this makes Professor
Kennedy close to the origin stakeholder due to these reasons.
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Next, Mr. Jason Renfroe, who is the director of retail services handling daily campus
management and services of the college, has access to data concerning printer and copier usage.
Clearly, Renfroe has high power on the stakeholder chart. The director of retail services has the
authority to make the decisions to install the printers and remove them. Professor Kennedy has
said in the past that printers were removed from the classroom and the floor due to lack of
revenue. From this statement, the team knows that Mr. Renfroe is very data-driven. At the same
time, the director of retail services must be profit-centric. Therefore, any solution that requires
additional printers or anything with monetary value, such as more labor, must be rationalized
through data with a long term revenue stream associated with its usage. Finally, there is one
major trait or constraint about the director of retail services. Mr. Renfroe has high influence, but
little stake in the project. Like every manager, the supply chain problem will be seen as low
priority compared to their other responsibilities in the college. During the early stages of the
project, Mr. Renfroe considered the team to be low priority. At the moment, we are still waiting
on a response from Mr. Renfroe to answer the team’s questions and printer data access. The team
waited for a response from the middle of to late January until the middle of March. When Mr.
Renfroe finally responded, we were told that he could answer our questions; however, the
Marketing Department had to approve and revise his response before passing the information
along to CAPE. Seeing this type of response, communication yet again seems to be an issue
among the stakeholders in fixing the supply chain problem in the Q-Building.

Before recent changes, there was a group of several KSU staff, called The Ricoh team,
that was responsible for restocking and refilling the printers for both the Kennesaw and Marietta
campuses. According to a former Ricoh team member, restocking usually occurred on a “check

33

when I feel like it” basis. The Ricoh team relied on a ticketing system to alert them when a
printer runs out. The Ricoh team was a team of laborers, meaning they did not have a lot of
power to change the system.

As the spring semester has progressed, large scale changes have been made internally
when it comes to how printers are managed. In mid-March, we were informed that printers
within the building would no longer be managed by a single team, but each printer would be
assigned to a department. The assigned department would then be in charge of purchasing all
paper, ink, and toner. The assigned department will also be in charge of maintaining the printers
which includes filling paper and changing the ink and toner. Further information on which
printers have been assigned to which departments is required; this information is expected from
Mr. Renfroe. As of right now, CAPE is aware that one of the student printers in the vending
machine room has been assigned to the Dean’s Office. The Dean’s Office has assigned a task to
their student assistant to maintain that printer.
The students are the victims of the paper supply chain shortage. However, they are the
external stakeholders of these systems. With an increasing population of students attending
Kennesaw State University, the supply chain worsens over time. The paper supply chain problem
seems to be an inconvenience to students who have little interest as a stakeholder and have little
power to help fix the problem. At the same time, students will love this problem to be fixed
overall. In the project, students are the voice of the customer and are needed to forecast demand
and calculate the total demand of Q-Building.
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4.2 Measure
The next step involves gathering data to improve the process. From the previous “Define”
step, we identified the constraints and requirements. Now, data is needed to establish
measurement capability and collect all metrics available. During our search to find out who
restocks the printers, we encountered a former Ricoh team member who gave estimates during
his time. He said that around 30,000 copies/prints per month are being made during his time.
Additionally, Professor Kennedy has given us the student population data by using Owl Express
to record the number of students in EDG classes over the past three semesters. We plan to
question each EDG professor to find the total demand needed for A4 and B5-size papers. Also,
he has referred us to a college business operations manager which tracks printer statistics and
profitability of these printers.

In addition, a survey will be distributed to the students of the Q-Building to collect data
over the students’ thoughts on the printers currently in use. The survey will contain the following
questions: How has your experience been with the Q-Building Printers (for Current Year
Students); If any, please indicate which problems you have experienced with the printers; Have
you ever been tardy to class because of any of the issues stated above, and if yes, how many
times would you estimate to have been late? The same survey will be distributed at the end of the
project during the implement and control stage of DMAIC to analyze and maintain continuous
improvement.
Figure 9 below is an example of the survey distributed to the students.
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Figure 9. Survey Distributed to Students

4.2.1 Survey results
The main goal of the survey is to collect baseline data and prove the printer supply crisis
within Q-building exists. Students understand the problem the best since they are the consumer
of the printers. These questions will help determine potential root causes for the analysis stage of
DMAIC. Below are multiple figures of bar charts and pie charts from the survey; each figure will
be visualized for every question in the student survey and will explain the question’s main
purpose.
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Figure 10: Bar Chart of Student’s Overall Experience On a Scale of 1-5

As shown in Figure 10 above, students rated their Q-building printing experience on a
scale of one through five in the survey. The five rating is the best score for printer experience and
the one rating is the worst score to receive. By looking at the figure, students feel mixed to
negative about their printer experience in the Q-building. 72.9% of students respondents rated
their experience from a rating of 1 through 3. The main goal of this question and to visualize it
as a bar chart is to engage the students and measure student experience as the baseline in the
current situation of the printing problem within the q-building.. In the control stage, this question
will be shown again to test if the solution implemented changed student ratings and show if the
solution benefited the students in their printer experience.
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Figure 11: Pie Chart of Asking Students if the Printing Issues Has Affected Student
Tardiness to Class

Like the previous question, this question is created to show how students were punished
due to the current supply chain issue from the Q-Building printers and form a baseline
measurement of tardiness created from the current printing system. As seen in Figure 11 above,
37.3% of people reported that the printer issues affected their attendance. Even though 37.3% is
a minority number and the majority of students do not face this problem, the main goal of this
project is to reduce the percentage of students being tardy by implementing a better solution. No
student should be tardy from printing their assignments when the printer is right beside their
classroom.
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Figure 12: Pie Chart of Student’s Responses of Number of Times Having Been Late Due to
Printing Issues

Similar to the previous question, this question tries to quantify the tardiness affected the
printer’s replenishment issue by asking students personally. Figure 12 was created to illustrate
the impact and the seriousness of the printer supply chain problem on students who depend on
reliable printing. A majority of students impacted by the printing issue were late to class no more
than two times, making up 75.7% of the pie chart. Once again, no student should be late to class
due to an unreliable printing service and this question is designed to gauge the problem.
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Figure 13: Bar Chart of Types of Printers Problems that Students Encountered when Using
the Q-Building Printer

For this question, students were asked what type issue that they encountered when using
the Q-Building printer. The question listed numerous choices that students encounter when using
the printers in building. These choices range from empty paper trays to offline status and more.
The main purpose of this question is to create a check sheet of the number of instances of the
printer related problem occurring. Figure 13 shows that the majority of complaints were lack of
paper supplies. If we resolve the top three complaints, we would meet a reduction of more than
our 55% goal, hopefully alleviating most of the issues associated with the printing system. Then,
internet connectivity issues and mechanical issues come second to the lack of supplies. However,
this bar graph will be analyzed further in the analysis section of the DMAIC since bar charts can
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be converted into pareto charts for finding root causes. Also, the survey is messy with its
responses of students, so creating a Pareto chart will clean and organize the data for proper
analysis.

4.2.2 Copy/Print Volume data
Still facing stone walling from Kennesaw State University upper management, eventually
the team needed a work-around to solve this problem. The team managed to find an office
department manager who manages a printer in room Q239 of the Q-Building and was willing to
share the monthly volume of copy and print data. This data will serve as a sample size to the total
population of Q-Building printing volume, and similar trends can be found as well. Figure 14
below shows the monthly copy and print volume for each month of black and white and color
ink through the years of 2018 and 2021. The cost column in each yearly report represents the
monthly charge to departments for each copy and print from the printers since KSU wants these
printers to be profitable for themselves. The main purpose of gathering total copy and print
volume is to understand the extent of the printer replenishment issue with data. Knowing the
volume is key to understanding the root causes and can be used to perform quantitative analysis.
The yearly copy and print usage report will be normally referred to in the “Analysis” section,
since the data will be used as a baseline for creating new solutions.
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Figure 14: Copy and Print Data by Year

4.2.3 The Cost Associated with Printing
Like the surveys, the economic impact of printers has to be measured as well. The
economic numeric analysis found will be the baseline of economic cost analysis in the
“Analysis” section of the DMAIC process. However, the team found new information
concerning the cost of owning a printer at KSU. According to the Kennesaw State University
Copier Service website, under the Faculty and Staff Copier Services, the team discovered that,
“Beginning in FY23, Copier Services will change the current process and move to a
decentralized funding model … Departments that keep their leased machine(s) will be
responsible for the annual lease cost and other supplies (e.g., paper, staple cartridges).”
Furthermore, this section in the website tells the cost of current copy or print costs for the year

42

2022, as well as for 2023. Currently, departments will continue to be billed monthly for every
copy and print charge; black and white ink cost six cents per copy, and color ink prints cost thirty
cents. Then, for 2023, the cost of printing per copy gets reduced. In 2023, black and white prints
will have a cost ranging between $0.0038-$0.0145, and color ink prints will have a cost ranging
between $0.048-$0.08, since the department will handle the leasing cost of their printers, as well
as every associated cost, unlike the past. From the students’ perspective, students will have to
pay ten cents per page for black and white ink and fifty cents for color ink single sided pages.

Furthermore, the departments will have to supply their own supplies, such as paper, in the
new decentralized model. By looking through online marketplaces, we were able to gather price
estimates for paper. A4 paper is commonly used in printing in the Q-building. There are multiple
prices for A4 paper in the online marketspace. On the e-commerce store, Amazon, Hammermill
A4 Paper costs $8.49 for 500 pages. Ink for the Ricoh IM C2500 needs to be considered as well.
On the e-commerce store, a Ricoh IM C2500 Compatible Black Toner Cartridge costs $46.50 per
cartridge. Additionally, ink cartridges for each separate color of cyan, magenta, and yellow cost
$73.50.

Until the team discovers the leasing contract with Ricoh, online sources will have to be
used to identify the yearly leasing cost for the Ricoh printers in the Q-Building. Unfortunately,
leasing cost is normally negotiable and involves multiple printers through private
communication, and online websites do not tend to list leasing prices ranges for the IM C2500.
One website advertising an IMC2500 is leasing it for one month for $75. For now, this $75
figure will be used to consider monthly leasing costs.
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4.2.4 Budget and Economic Analysis
The financial aspects of the project involve:
● The cost to lease the printers (currently unknown)
● Current printing and copying costs for students
○ “Printing and copying at both libraries costs 10 cents a page for black &
white and 50 cents a page for color” (“How Do I Print from the
Computers in the Library”).
● The potential costs of adding a paper restocking task to either the student assistant
or the full-time employee’s pay rate (found to be unfeasible)
● Service Costs (Ricoh) - is indeterminable due to classified budget information
● Stockout Costs (Ricoh) - is indeterminable due to lack of data

The cost to lease printers is important to determine because it may be the solution to long
queues at the two printers that the Engineering Technology Center has. If we can prove to Ricoh
that the demand has increased since two years ago and that the profit will return, we may be able
to persuade them to lease them back to Kennesaw State University. Printing and copying costs
for students is not the main concern of the project’s printer problem, but it does play a role in
Ricoh earning their profit from Kennesaw State University. Adding a small increase to a student
worker’s wage has been deemed unfeasible and the task will simply be added onto to their duties.
The service costs and stockout costs both pertain to Ricoh. The service costs are associated with
having a Ricoh employee come to deliver or update the printers. The stakeout costs pertain to
Ricoh missing out on potential profit due to the printers not being used, potentially because of a
problem as simple as empty paper trays.
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4.3 Analyze
In this phase of the project, we need to perform root-cause analysis to identify potential
root causes, validated root causes, and variation within the process. Numerous analyses will be
performed to identify potential root causes. During this analysis phase, we will try to identify
new or missed solutions/opportunities which can improve the project from our collected data. At
the same time, we will try to eliminate root causes to avoid multiple solutions and avoid wasting
time from testing those multiple solutions. Data needs to be interpreted and used to verify the
root causes to deeper understand the process itself. For example, Demand forecasting might be
needed to predict future demand for the printer due to the increasing population of students.
Furthermore, printing has to be profitable and reasonable, so a break-even analysis is needed to
show the economical side of printing. As a result of this phrase, new theories and a final solution
will be created.

4.3.1 Pareto Diagram Analysis
In order to conduct Pareto analysis, the bar chart from Figure 13 needs to be converted
into a cleaner Pareto chart, since students had the option to input custom responses. After sorting
the custom responses, a cumulative frequency line will be added, which creates the Pareto chart.
In the Pareto chart, the 80-20 rule seems to be applicable, where 20% of the inputs creates 80%
of outputs. Around 20% of printer issues caused 80% of student complaints. That is the main
goal of performing the Pareto analysis: to identify potential root causes by finding the critical
20%. The Pareto chart highlights the main issues and defines the scope of the solution. Also,
creating a Pareto chart confirms the problems’ existence with proof using the Pareto principle.
Looking at Figure 15 below, the vital few, or printing issues under 80% on the cumulative
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frequency line are the following issues with printing: Empty 'B5' Paper Tray, Empty 'A4' Paper
Tray, Low on ink, “Offline State”, and No Talon card on Hand. Anything past the 80% is called
the trivial many, where those issues are ignored and will not be considered as potential root
causes. Hence, the issues that are considered trivial will be eliminated, such as the long queues,
printer mechanical issues, and the cost.

Furthermore, after identifying the vital few, the vital few still need to be analyzed. The
“No Talon Card On Hand” problem is more personally connected with the student rather than the
general supply chain issue in the Q-Building. Therefore, it is going to be eliminated, since the
problem can be easily solved and the copier website tells students that they need a KSU student
ID to print. Next, the “Offline State Issue” is a unique problem, since it relates to the university’s
Wi-Fi. When a copier or printer has a problem with internet connectivity, the copier website
gives an email and a phone number to notify staff to handle the problem. Since the offline state
issue does not relate to the replenishment issue, this potential root cause has to be eliminated.
Additionally, most students tend to go to another printer when one printer is broken. Finally, the
last three issues of empty A4 and B5 paper trays and low ink levels are almost tied in frequency,
and they are highest frequencies on the graph. Hence, these three issues are highlighted as the
main root causes to define a solution’s scope. Also, all of these same issues share one thing in
common: manual labor is required to replenish these supplies, and a routine to refill the supplies
in the printer is necessary. A future solution could be creating a new system where someone, like
a student assistant, can handle the replenishment process.
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Figure 15: Pareto Diagram of Student Experience with Q-Building Printers

4.3.2 Cause and Effect Analysis
To begin with, root causes analysis needs to be visualized. By creating a fishbone, or a
cause and effect diagram, the team can identify many possible causes to the process. Figure 16
on the following page represents the fishbone diagram on the supply chain problem.

Based on the Fishbone diagram, we have constructed many different design solution
concepts. In order to tackle the potential problem associated with a lack of manpower, we could
add a role for a student assistant to help restock paper into the printers. A full-time Ricoh
employee may also be able to take more responsibility than they currently have. Another
potential solution would address the restocking of paper; a suggestion could be made to update
the printer’s system in a way that alerts the correct people through email when printer paper is
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running low. The Ricoh team has confirmed that the printers could be updated to achieve this.
Alternatively, we could simply add more printers to the Engineering Technology Center,
depending on the costs. If necessary or possible, the number of profitable printers in the
Engineering Design Center could increase. This may not be necessary if an improved
paper-restocking system is introduced and sufficiently solves the problem at hand.

Figure 16. Fishbone Chart Detailing the Printer System
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4.3.3 Analyzing the Monthly Demand of Print and Copy from 2018 to 2020
Figure 14 will be commonly referred to and mentioned, since all of the monthly print and
copy data can be found there. By analyzing the Ricoh copy and print reports, we can justify the
possibility of adding a printer to see if capacity will be under demand. To begin with, Figure 14
lists out the grand total of both of black and white and color copies and prints for each year from
2018 to 2021. The percent change can be calculated for each year. Starting from 2018 to 2019,
the total copy/printing usage rose by 56% from 24,148 pages in 2018 to 34,980 pages in 2019.
Then, from 2019 to 2020, the total copy/printing usage fell 59.43% from 34,980 pages in 2019 to
14,027 pages in 2020. Finally, from 2020 to 2021, the total copy/printing usage fell 17.43% from
14,027 pages in 2020 to 11,606 pages in 2021. Clearly, printing demand has been on a decline
since the past two years of 2020 and 2021. The main reason for that decline of printing is likely
because of the COVID-19 pandemic in 2020. Looking at Figure 14, after March 2020, monthly
printing usage fell drastically, unlike the past two years of 2018 and 2019. COVID-19 forced
Kennesaw State University to convert their in-person classes into remote learning and online
classes, switching assignments to an electronic format. KSU started campus closure in March to
prevent the spread of COVID-19, which explains the continued drop of printing demand in April
2020. Furthermore, with classes being converted into remote learning, professors adapted to the
electronic format of online learning, where assignments can be submitted online; this became the
norm from that point on. This could help to explain why in 2021, printing still decreased by
17.43% from 2020; printing demand has not recovered despite the full return of in-person classes
due to the adaptation of the electronic format. Based on these observations, copying and printing
volume may decrease over the next periods. Therefore, adding a printer to raise capacity is a bad
idea, since demand will be less than overall capacity. Moreover, by performing demand

49

forecasting, we can find more evidence of a decreasing trend and have the ability to predict
future demand. In addition, the majority of pages copied and printed are printed in black and
white ink. By adding the grand totals for black and white pages and color ink for each year and
dividing it by the combined overall total, it was found that 97% of pages are printed in black and
white ink, and only 3% pages are printed in color ink.

4.3.3.1 Linear Regression and Exponential Smoothing Demand Forecasting
The main goals of demand forecasting is to predict and attempt to find the trends with
current demand data over the past 4 years. From the basic percent change analysis, it is known
that the copy and printing overall has rapidly decreased due to COVID-19 in 2020, meaning the
data could be more volatile in a decreasing manner. Let us begin with a linear regression demand
forecasting method. Linear regression is chosen since the demand data is very seasonal, due to
semesters beginning and ending in specific months, with specific breaks in between. There are
three seasonal semesters with different amounts of students attending. Linear regression can
determine the trend of the data. First, linear regression requires the equation of the
slope-intercept form y=mx+b. Using all of the demand numbers from the past four years to
calculate the equation, the slope-intercept equation is y = -48.12x+ 3149. Looking at Figure 17,
predicting the future demand for the future year 2022, the slope-intercept equation predicts a
continuing decrease of a downward straight line since the slope is negative. However, the
slope-intercept equation does not include seasonality into its straight line equation, where
seasonality can try to predict the high and lows of specific months and creates crests and troughs
when graphing. To calculate seasonality of each month, the overall average of demand of the
specific month for each year gets divided by the overall total demand. Then, seasonality gets
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multiplied with the linear equation to create a seasonal forecast with linear trend graphed in
Figure 16 as a gray line. Now, the seasonal forecast with linear trend tries its best to replicate the
actual demand with the same seasonality pattern. However, the main goal is to predict future
demand based on trends. As seen in Figure 17, the seasonal forecast with linear trend still
predicts demand will continue to decrease despite the seasonality factor.

Similar to linear regression demand forecasting, exponential smoothing is another type of
demand forecasting method with more complexity and more accuracy. Microsoft Excel has a
special function which utilizes an exponential smoothing algorithm to try to predict future
demand values. Figure 18 is graphed based on the exponential smoothing function. As a result,
the orange lines in the figure are the predicted demand for the year 2022. Based on the graph,
exponential smoothing predicts a stabilization for the monthly copies and prints for 2022, but no
signs of recovery.

4.3.3.2 Conclusions of Monthly Demand of Print/Copy since 2018 to 2020
Based on the observations seen in the demand forecasting and basic percent change
analysis, the team has determined that adding another printer in accordance with demand is not
the solution, nor is the lack of capacity the root cause. The main goal of the analysis stage of
DMAIC is to find the additional root causes and conduct a process of elimination. COVID-19
made coping and printing in the Q-Building hit all-time lows in the year 2020, which impacted
the data. Based on demand forecasting of Figures 17 and 18, as well as percent change
throughout the years, printing will not recover back to pre-COVID19 times and is predicted to
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continue decreasing gradually, eventually stabilizing. By performing this analysis, creating a new
system involving student assistants to refill printers seems to be the likely solution to the supply
chain crisis.

Figure 17: Demand Forecasting with the Linear Regression Method
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Figure 18: Exponential Smoothing Demand Forecasting with 95% Confidence Intervals

4.3.4 Break-Even Analysis
To begin with, break-even analysis is another analysis to see the profitability side of
printing in the Q-Building. Now, the main goal of the break-even analysis is to create the
break-even equation of a single printer with the known costs from the recorded fixed and
variable costs. The team will try to find the break-even point and the equation of one Ricoh
printer using the 2021 copy and print report, since 2021 is the most recent year with the available
data. Also, from the demand analysis, the break-even analysis will ignore usage of color ink in
the break even equation, since 3% of the overall copies and prints for the past 4 years were in
color ink. The same goes for double-sided pages. Double-sided pages and color are both
expensive to print at KSU, which can be the main reason why color ink is barely used.
Furthermore, most professors at KSU do not use double-sided pages for student
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assignments and prefer single pages over double-sided as a general assumption. The table below
is all of the known costs associated with printing and copying. First, we will calculate the
break-even equation and its point for one month; this can be seen in Table 1. Taking the average
of the whole year of 2021 copy and prints reports, the average copy and print usage per month is
1055 pages. Therefore, two stacks of A4 paper are bought since 500 pages can be purchased per
$8.48 dollars. Assuming black and white ink cartridges are already bought, we must figure out
how much cost is associated per page of ink. The black and white ink cartridge yields 16,500
pages; with a price of $46.50, which is divided among the pages, each page costs $.002 for black
and white ink, which is then multiplied with 1055 pages to get the cost of -$2.81 per 1055 pages
used. After finding the fixed and variable cost associated per page, to find the break-even
equation, the variable and fixed cost has to be added or subtracted to form the equation. Shown
in Table 2 below, the break-even equation for the whole year of 2021 is .04x-1146.39. By
substituting the total 2021 black and white pages with x in the equation, this printer lost $682.15
and did not break even. From graphing the equation, by looking at figure 19, we can discover the
break-even point is at 28,659.75 pages for the year 2021. In order for the printers to break even
monthly, by looking at figure 18, the printer volume must be 2357.5 pages monthly.. Knowing
that the demand is predicted not to return to pre-COVID19 levels and hit all time lows based on
the demand analysis, printers will continue losing money in the future. Looking at Figure 14, the
copy/print usage for 2020 and 2021 was a disastrous year for printing revenue. Together,
break-even analysis and demand analysis do not recommend adding another printer to raise
capacity to the new proposed system, since the printing is a money drain for the departments. It
seems like the departments must renegotiate their leasing terms with Ricoh moving to the
decentralized model. Perhaps this is why KSU upper management is moving the responsibility of
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printing to the departments and creating a decentralized model, due to the loss of revenue. In the
past, the current leasing terms seemed very viable when printing and copying were expected to
rise with rising student populations from 2018 to 2019. Now, the future for printing in the
Q-Building might result in fewer printers and copiers in the building, due to leak of revenue and
demand.
Table 1: Components for a Monthly Break-Even for Year 2021
Variable Profit/Cost
Profit per page B/W

$0.10

KSU Copy/Print charge

-$0.06

Fixed cost

A4 paper

-$16.49

Monthly lease

-$75.00

Ink cartridge

-$2.81
Break Even equation of .04x-94.3

Table 2: Components for a Yearly Break-Even for Year 2021
Variable Cost
Student Printing

10 cents

KSU Copy/Print charge

-6 cents

A4 paper

Fixed cost

-$199.89

Yearly lease

-$900

Ink cartridge

-$46.50
Break Even equation of .04x-1,146.39
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Figure 19: Monthly Break-Even for the Year 2021 Chart

Figure 20: Yearly Break-Even for the Year 2021 Chart
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4.4 Improve
In this phase, the proposed improvements and solutions will be implemented only after
meaningful and data-driven analysis is performed. To recap from the analysis sector of the
report, the team identifies possible root causes of the replenishment process. From Pareto
analysis, low supplies like ink and paper were the main three root causes making up 51% of the
complaints and require manual labor to refill. The demand forecasting analysis determined that
printing has been at an all time-low since the past 2 years and gave the justification of not adding
an additional printer. Furthermore, break-even analysis showed that the printers have been losing
money due to the low demand. The team needed a system to restore quality to the replenishment
process for printing in the Q-building and manual labor that does not affect the rising cost to
refill. Facing communication problems with KSU retail services and the lack of power/influence
from the given circumstances, the team managed to create a replenishment system involving a
student assistant. To recap, referring back to the block diagram section of the report and Figures
3 and 5, “The proposed system for the student worker is straightforward and easy to follow, due
to its linear structure. The student(s) will arrive for work at the Q-building and refill paper in
each printer to its maximum capacity. They will continue their main tasks until they near the end
of the work day, when they will then refill each printer to its maximum once again. We will
begin by implementing the improved process for about 2.5 weeks.” After experimenting with the
process, we will collect data with a final survey to see if there is any improvement or lack
thereof. Once the new data is analyzed, we can make adjustments to our system and propose a
stable, but adaptable solution.
To implement this plan, we conversed with the Dean's office to make permanent
adjustments to the student worker schedule. Although it took a little over a week to get the new
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plan approved by the dean, the student worker has made the proposed changes to their schedule.
This new process will be in place for approximately 2.5 weekends before the verification plan
proceeds.

4.4.1 Verification Plan
In order to ensure that the proposed solution will meet the quality improvement goals of
the project, a verification plan will be created. In the measure step of the DMAIC process, a
survey was given out to students to collect data. The team needs fresh data to confirm the newly
implemented process is working as intended and not reverting back to its past self. Therefore, the
measure and analysis step must be repeated again for the new process, and the same survey will
be given again to the students of the Q-building. Without access to the printer software, the
survey is the best monitoring tool for the quality assurance process. Once again, the survey will
measure and gauge the overall perception of the printing service and its consequences or flaws.
For example, the survey asks the student to rate their experience and the problems that the
student encountered while printing. The main goal of the second round of collecting survey
results is to see if the student printing experience has improved from the newly implemented
replenishment process and meets the requirements of the proposal. According to the Pareto
analysis, the main goal of the newly implemented replenishment process should target and
reduce the three main vital few of ‘low A4 paper’, ‘low B5 paper, and ‘low on ink.” So, another
pareto analysis will be conducted again and the pareto graph with its cumulative percentage will
be constructed to see if the frequencies have been reduced. Finally, the secondary main concern
is the lateness and tardiness created from printing problems. Like rating the overall experience,
students will be asked if printing caused them to be tardy and the new process should be
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reducing the chance of it. At the end, the results of the survey will be graphed and compared
together with the first survey, and a pareto analysis will be conducted again to see if the new
process has reduced the main previous vital fews and the frequencies. After conducting the
comparison analysis, the team can consider possible adjustments and recommendations.
4.4.2 Verification Survey Results Analysis and Comparison Analysis
After gathering the second round of survey data from the verification plan, each survey
question was graphed to visualize the results like the previous survey. In order to see if the
newly implemented process achieved its intended goals of improving service quality, the survey
results needed to be compared and analyzed with the previous survey results.

Figure 21: Bar Chart of Student’s Overall Experience On a Scale of 1-5 After Two Weeks
of Implemented Process
To begin with, Figure 21 visualized student’s ratings from their Q-building printing
experience within the past 2 weeks on a scale of one through five in the survey, similar to Figure
10. When comparing Figure 21 against Figure 10, students have responded to the newly
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implemented process with more positivity. In Figure 10, 42.1% of survey respondents rated the
previous printing system with a score of 1 or 2. Now, looking at Figure 21, a small majority of
students rated the newly implemented process with a score of 1 or 2, which makes up only
13.8% of survey respondents, a decrease of 28.3% from the last survey. One similarity from
Figure 21 and Figure 10 is that the rating score of 3 is the most common and highest rating
among the other scores, but in Figure 21, the rating score of 3 made up the majority of the survey
respondents or 55.9% of survey respondents, unlike in Figure 10, which made up of 29.4% of
survey respondents. While looking at the rating score of 4 and 5 combined for both figures,
there was a small increase. Those who gave a rating 4 or 5 in Figure 21 made up 31.4% of survey
respondents, versus 28.4% from Figure 10, which is a 3 % increase. To summarize the
comparison analysis between Figures 21 and 10, the newly implemented printing replenishment
process resulted in a better and increased student satisfaction rating against its baseline. It is
evidence that the newly implemented process has met its goals in process improvement.
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Figure 22: Bar Chart of Types of Printers Problems that Students Encountered when Using
the Q-Building Printer After Two Weeks of Implemented Process
Like in the previous survey, students were asked what printer related problems they had
encountered and a check sheet for issues was created; Figure 22 was graphed to visualize those
results, like in Figure 13 from the previous survey. When comparing the survey results from
Figure 22 and Figure 13, after implementing the new replenishment process, the majority of
students, or 53.9% survey respondents, reported having no issues with printing. In Figure 10, the
majority of students indicated that the empty a4 and b5 trays and low ink were the main source
of problems with the printers. Figure 22 shows that the frequency of low printer supplies has
dramatically decreased, but it is still an occurring issue. This is additional evidence that the new
replenishment process meets its goals in reducing issues relating to empty supply problems of the
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printers. However, a Pareto analysis still needs to be conducted to explore further details and
build on more connections with the data.

Figure 23: Pie Chart of Asking Students if the Printing Issues Has Affected Student
Tardiness to Class After Two Weeks of Implemented Process
Once again, students were asked if the printing issues that they encountered affected their
tardiness or lateness to class. Since the majority of students reported having no issues while
printing from Figure 22, it comes at no surprise that the majority of responses were not tardy, as
shown in Figure 23. When comparing Figure 23 with Figure 11, students who responded with
‘Yes’ to being tardy due to printing issues have been cut in more than half, from 38 students
reporting being tardy in the first survey, to 14 students in the second survey, due to the newly
implemented process. In percent change terms, the newly implemented process decreased
63.16% of tardy students impacted from printing issues. Hence, the newly implemented process
meets its goal of reducing student tardiness impacted from printing issues when comparing
results to the baseline measurement.
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Figure 24: Pie Chart of Asking Students if They Would Consider Using the Printers More
Often in the Future if They Were Reliable.
Lastly, the final survey question asked if students would consider using the printing
service more in future if the printers were always being stocked and thus, more reliable. This
survey question did not appear in the first survey, but this question serves as a type of quality
assurance. Figure 24 shows that 88.2% of students would consider using the printers more often
in the future if they were reliable. This result shows the importance of process improvement and
maintaining quality for printing service. The loss of quality is what drives customers away from
a service or product by damaging its reputation. By performing process improvement to improve
quality and its reputation over time, KSU can help the printing services to achieve profitability.
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4.4.3 Pareto Analysis of Verification Survey Results

Figure 25: Pareto Diagram of Student Experience with Q-Building Printers After Two
Weeks of Implemented Process
As mentioned in the Figure 22 analysis, the new survey data must be converted into a
pareto diagram for further analysis. Using Figure 22 data, the Pareto Diagram and its cumulative
frequency line featured in Figure 25 above was created. As stated from the minimum success
criteria section, “Our project will be deemed a success if, at the minimum, the paper restocking
issue is resolved. We want to see a reduction of at least 50% of printer failures.” The figure
proves that the implemented process did meet its goal by targeting the vital few which created
80% of student complaints. Now, 54% of issues no longer exist since the majority of students
reported facing no problems while using the Q-building printers. As shown in Figure 25, low ink
or toner and empty A4 tray are still recurring issues and part of the vital few up to 80%, but their
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cumulative frequency and percent has lowered due to the new process when compared to the
Pareto Diagram featured in Figure 15. The new Pareto analysis proves that by targeting the vital
few and following the 20-80 rule, the majority of students' complaints have indeed decreased due
to the new system.
4.5 Control
In this phase, we make sure the process continues to run smoothly and does not revert
into its previous state. We plan to set up a form of quality control plan where the stakeholders
can communicate with one another. Over a longer time horizon, it can be assumed that demand
for printing will increase due to an increase in student population. It is important for
communication to happen so that the stakeholders can continuously improve the process by
identifying the root causes associated with it. Because we are using student assistants as a
primary resource, it is important that we make sure the process is adaptable; student assistant
resources can be depleted due to the conflicting timeline of a typical college student.

4.5.1 Future Quality Assurance
Following the steps of the DMAIC process, control is the final phase where the team
must maintain the implemented system and ensure future continuous change for the new process.
Furthermore, the team would like to look into real-life examples of service quality assurance and
develop a future system to help maintain the continuous process improvement for the printing
service. However, like a real-life consultant, the team does not have the power to enforce the
future quality assurance activities for the printing services after the project, and only can give the
recommendations of potential quality assurances. The team would like to stress that it is

65

extremely important to maintain quality for the printing service. According to the demand
forecasting analysis, the printing service has been losing demand from both students and
professors for the past two years. The printing service in the Q-building has been decaying due to
a lack of preparation and loss of quality; professors are starting to change paper sizes for
students’ assignments or fully converting into a digital format for submissions due to the removal
of printers and students' complaints. The restoration of quality with continuous process
improvement can make the printing service profitable again and restore the reputation of the
printing service by being reliable; however, quality is something not easily achievable and
requires constant change. A process improvement system must be in place where the system
itself is the quality assurance determining whether printing service meets specified requirements.
The team would like to recommend the DMAIC process since DMAIC is often used in
performing quality assurance initiatives and process improvement by following its steps, but
there is a more simple, straightforward process that takes less time and is more repetitive in
terms of continuous quality improvement. The plan-do-check-act (PDCA) cycle, like DMAIC,
has every step listed in its name. PDCA does not require personnel to be trained in the DMAIC
process since DMAIC does use more advanced concepts of statistical tools. PDCA starts with the
“plan” phrase, which is basically the defined phase of DMAIC, where the process overall is
analyzed, the process's inefficiencies are identified, and planned solutions are created for
implementation. What makes PDCA different from DMAIC is that the “do” phrase is the
implementation stage of the planned improvements. Then, the “check” phase is similar to the
“measure” and “analyze” phases of DMAIC combined to evaluate whether the intended
process’s goal has been achieved while comparing past results. Finally, the “study” phase is the
standardization of the new process and acting on the lessons learned throughout the steps.
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While looking at real-life applications of quality assurance activities in the service
industry and tools that aid during the PDCA loop, the survey is the most effective monitoring
tool since the customer is the focal point of all decisions relating to quality. A survey can be used
as a communication tool between the service and its customers. For example, professors rely on
students to do course evaluations, which is basically a survey, and fast food chains like
McDonald’s and Chick-Fil-A ask their customers to do surveys to rate their experience at the
restaurant that customer visited. The most popular customer scoring metric or key performance
indicators that retail stores use, Net Promoter Score, relies on surveys that ask customers to rate
the service and the chance to recommend their services or products. The service sector basically
revolves around the survey as a gathering tool. However, KSU retail services does not have a
printing experience service survey given to the students, and the team recommends the KSU
retail service to perform a quarterly or yearly survey to gauge the perception for the first step of
planning of PDSA cycle, due to the print reports being reported on a monthly basis. Since the
KSU retail services does not have a survey, the team decided to create a quality assurance survey
for the printing service future quality assurance use. The quality assurance survey’s questions
elements were inspired from the team’s own survey for data collection and net promoter surveys
used in real life. For example, net promoter surveys commonly ask respondents if they would
recommend their services to a friend since the net promoter score heavily relies on the rating, so
the quality assurance will have a similar question reframing that. Often, quality is tied to cost,
and questions related to monetary value to the service are important in the survey as well.
Furthermore, there must be a question that defines a baseline/measurement for analysis like the
team’s survey used in the “measure” step. As a result, the quality assurance survey has the
following questions:
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● On a scale of 1 to 10, how would you rate your recent experience with the Q-Building
printers?
● How often do you use the printers at Kennesaw State University?
● On a scale of 1 to 10, how would you rate the value for the money of the printing service?
● What are common problems that you have encountered when trying to print?
● If the printers were reliable (always stocked/with no malfunctions), would you consider
using them more during your time at KSU?
● On a scale of 1 to 10, how likely is it that you would recommend the KSU printing
service to a friend or colleague?
● Why did you provide the rating that you provided above?
● What can we do to improve your printing experience at Kennesaw State University?

Finally, the KSU printing service can use the survey questions above to gauge student
satistifications and emotions in the printing survey. KSU printing service is free to change the
questions to suit its needs; however, it is important for a service to have a tool to gather data, and
the right questions must be asked to achieve good results. Hopefully, the printing service can use
these types of questions and perform an analysis similar to the team’s project to improve their
processes and form a foundation of quality assurance within its printing process.
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Chapter 5: DMAIC Results and Conclusion
After going through all of the DMAIC steps, the team has learned a lot throughout the
whole project. From facing red tape from Kennesaw State University upper management, to
jumping through hoops to achieve the project’s objectives, to learning and performing analyses
which are common practice in the service industry, the DMAIC method helped guide the team
towards an end goal, providing the framework and setup necessary for a successful system
design implementation.

5.1 Summarizing DMAIC Process and Its Results
Starting from the first step, “define”, the team discovered the power dynamic of the
printing process with the people in charge and defined the problem with its stakeholders. A
stakeholder analysis was conducted to figure what the wants and needs of each stakeholder while
trying to improve the process. The team discovered that the replenishment process was an issue
impacting students and professors alike. Next, in the measure phase of DMAIC, the team
distributed a survey to gauge students and defined a baseline from the data and its economic
measurements. In the analysis phase, a fish-bone or cause and effect diagram was created to find
potential root causes within the students. From the fish-bone diagram, it was determined that
following root causes needed to be investigated: Is printer capacity meeting the current demand?/
does the printing process need an additional printer? And Does printing replenishment process
require more workers to restock the paper? The pareto analysis determined that the empty a4 and
b4 paper tray and low ink issues made up 80% of student complaints/issues and pointed out that
these issues require manual labor to replenish these supplies within the printers. Demand
forecasting analysis showed the true reality of the state of printing at Q-building where printing
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has been at all-time low due to the impact of COVID-19. Demand forecast predicts the printing
is still on a negative linear trend since the past 4 years and exponential demand forecasting
predicts stabilization in the near future which is also evidence that printers are meeting demand
but have an overcapacity and adding additional printers is a bad decision to make. Furthermore,
break-even analysis justified not adding additional printers since printers have been losing
money since COVID-19 pandemic of 2020 due to the decreased demand plus the expense of
printing supplies with the additional printing lease. Therefore, the team decided to create a new
replenishment process with a dedicated student assistant assigned to refill the printer every 3
times per week and the process was implemented over a span of 2 weeks. From there, the team
created a survey to verify the results and tested the baseline and distributed the surveys again.
The second round of survey determined that students were more satisfied with printing since the
new process was implemented and less tardy. Repeating the pareto analysis again, majority
students have faced no issues making 54% of the cumulative frequency, but still empty a4 and
low on ink issues were a recurring problem. The newly implemented replenishment system was a
great success and met all of the goals of minimum success criteria from results of the survey and
pareto analysis. Finally, in the control phase, the team introduced the plan-do-check-act (PDCA)
cycle, so hopely the KSU printing service can maintain quality through assurance and the PDCA
cycle is an easier process to perform than DMAIC. Lastly, noticing the service sector mainly
uses the survey as a tool to measure and gather data from their customer to improve their
processes and the KSU printing service has a lack of survey for quality assurance. The team
created a quality assurance survey for the printing survey inspired from the team’s survey
questions and real-life net promoter surveys, so a foundation can be formed for quality
assurance.
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5.2 Lessons Learned
There are many objectives we came across during nearly all steps of this optimization
process. In the beginning, we learned the effectiveness of different forms of communication.
While contacting people through email may be faster in some circumstances, we found that
face-to-face communication and interaction worked the best when trying to gather information.
When critical information was needed in a short amount of time, a phone call was more
appropriate than an email when face-to-face interaction was not feasible.
In relation to this lesson, we also found that if one contact didn’t know the answer, it is
important to ask if they may know someone who can answer our question. In most cases, the
question was able to be answered if we just found the right person down a chain of
recommendations. In this particular project, a lesson for KSU is to document who is in charge of
what so that faculty and students are aware of who to contact without having to first ask 3 or 4
people who do not know anything first. This would save weeks of searching for information.
We also found that it is important to try to narrow down points of research early on. We
spent a lot of time tossing around the potential to do a simulation of the process in Arena,
potentially utilizing Matlab, performing time studies, or focusing on too broad of an idea.
Although we eventually decided against these potential routes, it wasted time in meetings and
during our planning stages. An in-depth initial development meeting to extract unnecessary steps
is a valuable lesson for not just this project but future projects as well.
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5.3 Future Improvements and Optimizations
Any well made process will always need improvement. It is important that we consider
the customer’s voice when considering new changes. Such improvements should focus on the
service that KSU is providing to their students. Given the short amount of time CAPE logistics
had on this project, there were things we wanted to achieve; along the way, we were given
recommendations from the students directly. Below is a compiled list of some recommendations
and future improvements that can be made to the Q-Building printer service at KSU:
● Increase/decrease number of times the printer is filled/week
● Add new printer
● Change printer companies
● Have backup student assistant to fill printers in case of absence
● Upgrade visual aids
● Have SA change out toner/ink
● Create another way to print if student forgets talon card
● “Offline” issue
● Students do not want to pay
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Appendix B: Group Task Assignments
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Appendix C: Reflections
There are many objectives we came across during nearly all steps of this optimization
process. In the beginning, we learned the effectiveness of different forms of communication.
While contacting people through email may be faster in some circumstances, we found that
face-to-face communication and interaction worked the best when trying to gather information.
When critical information was needed in a short amount of time, a phone call was more
appropriate than an email when face-to-face interaction was not feasible.
In relation to this lesson, we also found that if one contact didn’t know the answer, it is
important to ask if they may know someone who can answer our question. In most cases, the
question was able to be answered if we just found the right person down a chain of
recommendations. In this particular project, a lesson for KSU is to document who is in charge of
what so that faculty and students are aware of who to contact without having to first ask 3 or 4
people who do not know anything first. This would save weeks of searching for information.
We also found that it is important to try to narrow down points of research early on. We
spent a lot of time tossing around the potential to do a simulation of the process in Arena,
potentially utilizing Matlab, performing time studies, or focusing on too broad of an idea.
Although we eventually decided against these potential routes, it wasted time in meetings and
during our planning stages. An in-depth initial development meeting to extract unnecessary steps
is a valuable lesson for not just this project but future projects as well.
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